BACKGROUND: There is considerable heterogeneity in the use of chemotherapy in early breast cancer (BC), despite international recommendations issued from the NCCN, NIH and the St.Gallen bi-annual conference. METHODS: We included 1,535 patients from seven Swiss cancer registries between 2003 and 2005 receiving chemotherapy for stage I to III BC. Chemotherapy was categorised into (a) FAC/FEC, anthracyclines followed by CMF or anthracycline-taxane combinations (FAC-T) (781 patients) and (b) other chemotherapy regimens such as CMF/AC (EC) (754 patients). Predictors for choosing FAC-T over non-FAC-T chemotherapy were separately determined in all patients and in ER-negative patients (n = 496) by multivariate logistic regression analysis. RESULTS: The use of FAC-T increased significantly over time, from 44% in 2003 to 55% in 2005. BC stage III (versus stage I-II) and nodal positivity were the predominant predictors for using FAC-T chemotherapy in the adjusted model (odds ratio (OR) 4.1, 95%-confidence intervals (CI) 2.6-6.3 and OR 3.0, 95%-CI 2.0-4.4, respectively). In high-risk ER-negative BC patients, poor histological differentiation was more important to choose FAC-T chemotherapy (OR 3.8, 95%-CI 1.9-7.5) than tumour stage or nodal status. The use of FAC-T chemotherapy varied substantially among the seven geographic regions, from 20% in rural Grisons-Glarus to 73% in Zurich. CONCLUSIONS: Tumour biology is a predominant factor for choosing FAC-T over older chemotherapy regimens in patients with ER-negative early BC, but improvements should be made to reduce the substantial regional heterogeneity. Further epidemiological studies should assess how the use of FAC-T chemotherapy is affecting clinical outcome in patients with early BC and different risk profiles.
Introduction
Combination chemotherapy is indicated in non minimalrisk early breast cancer (BC), as there is a relevant reduction of the risk of recurrence that can be achieved with an acceptable level of treatment-related adverse events [1] . Over time, three generations of chemotherapy regimens have been evaluated, which are the cyclophosphamide, methotrexate, and 5-fluorouracil (CMF) regimen [2] , the anthracycline-based regimens [3] [4] [5] [6] [7] [8] [9] , and the taxane-containing regimens [10] [11] [12] [13] [14] [15] . According to the 2005 Oxford meta-analysis, adjuvant treatment with six months of adjuvant anthracycline-based chemotherapy reduces the annual BC mortality by about 38% for women younger than 50 years of age, and by about 20% for those aged 50-69 years [16] . One of the persisting controversies in the adjuvant treatment of early BC is the type of chemotherapy chosen for patients with oestrogen receptor (ER) negative early BC. Following the first publication in 2003 [11] , accumulating data support the use of 5-fluorouracil/doxorubicin(epirubicin)/cyclophosphamide (FAC/FEC) and anthracycline-taxane containing chemotherapy in patients with ER-negative BC, resulting in improved clinical outcome compared to CMF or AC/EC chemotherapy regimens [11] [12] [13] [14] [15] [17] [18] [19] [20] . This is also supported by more recent data from the Early Breast Cancer Trialists' Collaborative Group (EBCTCG), indicating that by the addition of taxanes to antracycline-containing regimens, recurrence-free survival is improved in patients with ER-negative BC [21] . However, it is unclear how these data should be applied to the individual patient. Several treatment guidelines, including the St. Gallen consensus recommendations [22] , the National Comprehensive Cancer Network (NCCN) Breast Cancer guidelines [23] [24] and the National Institutes of Health (NIH) consensus recommendations [25] , have been developed to help physicians to choose between the different chemotherapy regimens, based upon patient and tumour characteristics. The aim of the present study is to assess the patterns of use of different chemotherapy regimens, and more specifically assess the introduction of the more recent FAC/FEC and anthracycline-taxane containing chemotherapy in patients with ER-negative early BC.
Methods

Study population and data collection
For this study, we used data from a representative sample of 4820 women who had being diagnosed with invasive BC between January 1 st , 2003 and December 31 st , 2005. Patients were identified from seven population-based cancer registries covering roughly 3.5 Mio inhabitants, or 47% of the Swiss population ( fig. 1 ). At the time of the study initiation, some regions in Switzerland were not covered by a cancer registry, but there was no indication that this introduced any bias to the data. Routine indicators of data completeness and quality of the participating registries were good, and patients identified on the basis of death certificates only were excluded from the study. The proportion of histological verification was over 90% [26] . A more detailed methodology of this study has been reported previously [27] [28] . Based on the requirements of the European Society of Mastology (EUSOMA) Audit system on Quality of Breast Cancer Treatment criteria [29] , a database was designed for data entry at the site of the cancer registries. Items included information on patient and tumour characteristics, diagnostic circumstances and treatments planed and delivered. Trained registry staff were centrally instructed and following this data items were abstracted from pathology reports, medical charts and questionnaires sent to treating physicians, and added to the database by trained staff. Registries could choose between collecting information on all registered and eligible cases diagnosed with BC between 2003 and 2005, or on a random sample of at least 500 cases. Five registries (Geneva, Valais, Ticino, St. Gallen-Appenzell, Grisons Glarus) collected information on all registered cases, and the registries from Basel and Zurich collected information on a random sample of 505 cases, using the methodology as described previously [30] . Tests of representativeness did not suggest any bias regarding patient age, BC stage and biology. Breast cancer staging used the 6 th edition of the American Joint Committee on Cancer staging criteria [31] . From the final dataset, we included 1,535 patients ≤75 years of age with incident BC stage I-III, receiving either adjuvant (1,317 cases, 86%) or neo-adjuvant (218 cases, 14%) chemotherapy in a curative intention ( fig. 1 ). There were 121 patients who were intended to receive chemotherapy, but in whom chemotherapy was never started, mostly due to patient refusal. These patients were defined as not having received chemotherapy. The study was accepted by the Cantonal Ethics Committee in St. Gallen, where the study centre is located.
Data analysis
Chemotherapy regimens were grouped into two categories as follows: (a) FAC/FEC for ≥6 cycles, anthracyclines followed by CMF or anthracycline-taxane combinations (FAC-T) (781 patients) and (b) other chemotherapy regimens such as CMF for 6 cycles, AC(EC) for 4 cycles or other regimens, including non-standard chemotherapy (non-FAC-T) (754 patients). Non-standard chemotherapy (NSCT) was defined as drugs or drug combinations that were not registered or not investigated for adjuvant use, or proved to be inferior when tested against standard regimens. The use of FAC-T and non-FAC-T chemotherapy was assessed over the years of BC diagnosis (2003 to 2004), using Wilcoxon-type tests for trend. Patient and tumour characteristics, socio-economic and health care provider-related factors were compared between patients receiving FAC-T chemotherapy versus those receiving non-FAC-T chemotherapy using two-sided Fisher's exact test. Predictors for choosing FAC-T over non-FAC-T chemotherapy were separately determined in all patients receiving chemotherapy and in ER-negative patients (n = 496) using multivariate logistic regression analysis, adjusting for known prognostic factors such as tumour stage and biology. For the analysis of potential predictors for chemotherapy, women receiving FAC-T were defined as cases and women not receiving FAC-T as controls. Predictors for the use of NSCT were similarly assessed. The following parameters were assessed as potential predictors within multivariate regression analysis: HER2-status [a result of immuno-histochemical analysis of 3+ (IHC 3+), or a positive result on fluorescence in situ hybridisation (FISH) for HER2 gene amplification, histopathological grading (poor versus good/intermediate), tumour stage (stage I/II versus III), nodal status (nodal negative versus nodal positive), lymphovascular invasion (positive lymphovascular invasion versus no invasion), patient age (≤50 versus >50 years), affluence (highest quartile of median income versus others), type of health care insurance (private versus other), education (high school degree versus other) as derived from the type of occupation, breast surgeon's annual yearly caseload (highest tertile versus others, with the highest tertile corresponding to ≥27 breast surgeries per year), case presentation at the local multidisciplinary tumour conference (MDTC), treatment within an institute participating in clinical research, and patient residence (urban/suburban versus rural residence, as defined by the National Bureau of Statistics [32] ). The definition for HER2-and ER-status was identical in patients from all regions. Data for the type of health care insurance (HCI) were available for 84% of the patients, education for 74%, yearly surgical caseload for 72% and MDTC for 83% of the patients. The geographic heterogeneity of using FAC-T or Non-FAC-T chemotherapy was assessed across the regions of patient residence (according to the 7 recruiting cancer registries), using Fisher's exact test. Finally, adherence to the full number of chemotherapy cycles (FAC-T or Non-FAC-T) was assessed using chi-square statistics. All tests of significance were two-sided, and p <0.05 was considered significant. With multivariate logistic regression analysis, introducing multiple prognostic factors such as tumour stage and biology, a p-value of 0.01 was considered significant. All statistical analyses were performed using STATA 11.0 software (STATA Corp, College Station, Texas, U.S.).
Results
Study population and chemotherapy regimens
FAC/FEC chemotherapy for ≥6 cycles was the most frequently used treatment schedule in 548 patients (36%), followed by 4 cycles of AC/EC in 481 patients (31%). FAC-T chemotherapy was given in 781 patients (51%, non-FAC-T in 754 patients (49%). The use of FAC-T chemotherapy increased significantly over time, from 44% in 2003 to 55% in 2005 (p = 0.002 for trend). NSCT was given in 105 patients (7%), including regimens such as leukeran/methotrexate/5-FU (LMF) in 21 cases, epirubicin/carboplatin/5-fluorouracil in 5 cases, navelbine in 14 cases,
Figure 2
Forrest plot for the use of FAC-T chemotherapy compared to non-FAC-T chemotherapy in the overall study group (ER-positive and ER-negative early breast cancer). Clinical significance (p <0.01) from adjusted multivariate analysis is marked by an asterisk. OR = odds ratio, ER = oestrogen receptor, BC = breast cancer, MDTC = multidisciplinary tumour conference.
paraplatin and paclitaxel in 8 cases, capecitabine ± navelbine in 7 cases, single-agent epirubicin or liposomal doxorubicin in 8 cases, carboplatin/gemcitabine in 3 cases. The use of NSCT did not significantly change over time (5% in 2003 and 8% in 2005). Patient and tumour characteristics were significantly different between patients receiving FAC-T chemotherapy and those receiving non-FAC-T, with patients receiving FAC-T having a poorer risk profile (table 1) . Patients who were treated in an institution participating in clinical research and living in an urban/ suburban region were significantly more likely to receive FAC-T chemotherapy. FAC-T chemotherapy was more often used in the neo-adjuvant setting compared to non-FAC-T chemotherapy (19 vs. 9%, p <0.001). Overall, 496 out of the 1535 patients had ER-negative BC (32%), and 1026 patients had node-positive BC (67%). Within the major patient subgroups, FAC-T chemotherapy was most often given to patients ≤50 years of age with node-positive, ERnegative BC (81%) and least often to patients with well or moderately differentiated, ER-positive BC (22%) (table 2).
Predictors of FAC-T and non-FAC-T chemotherapy
In all patients, tumour stage, biology and patient age were significant predictors for choosing FAC-T chemotherapy over non-FAC-T chemotherapy ( fig. 2 ). In the adjusted multivariate model, BC stage III (versus stage I-II) and nodal positivity were the predominant predictors for using FAC-T chemotherapy (odds ratio (OR) 4.1, 95%-confidence intervals (CI) 2.6-6.3 and OR 3.0, 95%-CI 2.0-4.4, respectively). Patients with a rural residence were less likely to receive FAC-T compared to non-FAC-T chemotherapy (adjusted OR 0.4, 95%-CI 0.3-0.6). In high-risk ER-negative BC patients, poor histological differentiation was more important to choose FAC-T chemotherapy over non-FAC-T chemotherapy (adjusted OR 3.8, 95%-CI 1.9-7.5) than was tumour stage or nodal status ( fig. 3) . In ER-negative BC patients, tumour stage (adjusted OR 2.6, 95%-CI 0.9-6.8) and HER2-status (adjusted OR 1.8, 95%-CI 0.9-3.8) were no more significant as predictors for choosing FAC-T chemotherapy over non-FAC-T chemotherapy. 
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to non-FAC-T chemotherapy (adjusted OR 4.2, 95%-CI 1.5-11.6). The use of FAC-T chemotherapy varied substantially among the seven geographic regions and ranged from 20% in rural Grisons-Glarus to 73% in urban Zurich. In the adjusted multivariate model, patients with residence in the regions of Geneva (OR 2.5, 95%-CI 1.9-3.3), Zurich (OR 3.9, 95%-CI 2.5-6.0) and St.Gallen-Appenzell (OR 1.6, 95%-CI 1.2-2.2) were significantly more likely to receive FAC-T compared to non-FAC-T chemotherapy. On the contrary, patients with residence in the regions of Ticino (OR 0.2, 95%-CI 0.2-0.3) and Grisons-Glarus (OR 0.2, 95%-CI 0.1-0.3) were less likely to receive FAC-T compared to non-FAC-T chemotherapy. In patients with ER-negative BC, the use of FAC-T chemotherapy ranged from 32% in Grisons-Glarus to 77% in urban French-speaking Geneva. In the adjusted model in ER-negative BC, patients with residence in the regions of Geneva (OR 3.5, 95%-CI 1.9-6.4), St.Gallen-Appenzell (OR 3.1, 95%-CI 1.7-5.4) were significantly more likely to receive FAC-T compared to non-FAC-T chemotherapy. On the contrary, patients with residence in the regions of Ticino (OR 0.2, 95%-CI 0.1-0.4) and Grisons-Glarus (OR 0.2, 95%-CI 0.1-0.5) were less likely to receive FAC-T compared to non-FAC-T chemotherapy. 
FAC-T (n = 781) Non-FAC-T (n = 754) p-value
Treatment adherence
In patients with both ER-positive or ER-negative BC, fewer patients in the FAC-T chemotherapy group were able to receive the full number of planned treatment cycles compared to patients in the non-FAC-T chemotherapy group (83% vs. 92%, p <0.001). Similarly, fewer patients in the FAC-T chemotherapy group were able to receive the full number of planned treatment cycles compared to patients in the non-FAC-T chemotherapy group in patients with ERnegative BC (81% vs. 94%, p <0.001). This was mainly due to a high proportion of patients receiving all 4 cycles of AC/EC chemotherapy (97% of patients in both the overall study group and in patients with ER-negative BC). In the adjusted multivariate model, affiliation to the non-FAC-T chemotherapy group was the significant predictor for the adherence to the full number of chemotherapy cycles in the overall study population (OR 2.58, 95%-CI 1.39-4.79) and in patients with ER-negative BC (OR 4.9, 95%-CI 1.5-16.3). Patient and tumour characteristics, socioeconomic and health care provider-related factors did not predict for the adherence to the full number of chemotherapy cycles. In particular, there was no evidence for elderly patients to have increased toxicity or inferior treatment adherence compared to younger patients.
Discussion
In the present population-based study, the patterns of use of different chemotherapy regimens in early BC were analysed, and tumour biology was found to be of increasing predictive significance for choosing FAC-T chemotherapy over non-FAC-T chemotherapy in patients with high-risk ER-negative BC. Chemotherapy regimens such as CMF [2] or AC/EC [4] are typically used in patients with nodenegative early BC, while the newer regimens such as AC/ EC followed by CMF [33] , Canadian CEF [6] [7] [8] , the CAF regimen [5] , dose-dense cyclophosphamide, doxorubicin and paclitaxel [11] [12] 15] , FEC 100 followed by docetaxel [14] , tailored FEC [34] , FEC100 [35] and TAC (docetaxel, doxorubicin, cyclophosphamide) [13] are more frequently offered to patients with node-positive BC. In our study, 72% of patients with ER-negative, node-positive BC received FAC-T chemotherapy. In 2006, Berry and colleagues retrospectively assessed the improvements in adjuvant chemotherapy in patients with ER-negative, nodepositive BC compared to patients with ER-positive BC receiving adjuvant tamoxifen [36] . They compared diseasefree and overall survival according to ER-status among patients enrolled in three consecutive randomised trials of chemotherapy, and found a 55% improvement of overall survival in patients with ER-negative disease receiving biweekly AC plus paclitaxel [34] , compared to low-dose CAF [37] . These data suggest that the choice of chemotherapy regimens has a clinically relevant effect on the clinical outcome in patients with ER-negative BC. At the time of BC diagnosis (between 2003 and 2005), data supporting the use of more than 4 cycles of AC/EC chemotherapy [3, 38] , or the addition of taxanes to anthracycline-based chemotherapy [11] [12] [13] in ER-negative BC had already been published. Accordingly, the use of FAC-T in patients with ER-negative BC was also included into the St.Gallen recommendations [39] [40] [41] [42] [43] . The most recent clinical practice guidelines of the National Comprehensive Cancer Network (NCCN) do not recommend grading chemotherapy according to the risk of disease recurrence, but usually include taxanes as the "preferred adjuvant regimens" [23] . In the present study, known pathological risk factors as well as patient age ≤50 years were over-represented in patients receiving FAC-T compared to those receiving non-FAC-T chemotherapy, and FAC-T chemotherapy was typically used in a risk-adapted manner in unselected patients with BC, with tumour biology becoming more important to choose FAC-T chemotherapy in ER-negative high-risk patients. While the use of chemotherapy according to tumour risk and biology is in accordance with treatment recommendations, we found that socioeconomic and geographical factors were also important for choosing the type of chemotherapy in some cases. Interestingly, regional variability for using FAC-T or non-FAC-T chemotherapy was rather substantial, and this was independent of the patient's disease risk profile (unselected, ER-negative BC patients). At present, the implementation of anti-HER2 targeted treatment adds another level of complexity to modern breast cancer care [44] . Schrijvers et al. reported the results of a study in 29'676 women in the UK with newly diagnosed BC [45] . Overall survival from BC was inversely related to socioeconomic deprivation, as determined by a residential district index that included pre-specified items [45] . Similar results were reported from a comparison of patients from affluent and deprived areas of Scotland [46] . In Switzerland, similar regional disparities in BC clinical outcome were reported, despite the universal access to health care in Switzerland [47] , raising the question of whether heterogeneity in early BC treatment may account for different clinical outcomes. Unfortunately, there are very few data on the heterogeneity of systemic treatment in early BC patients. In the subset of 1,317 pre-menopausal ER-positive BC patients pooled from the PERCHE and TEXT studies, geography was a determinant of chemotherapy use [48] . The present study suggests that in countries with good access to health care services, there remain some imbalances in the prescribing patterns of therapies such as the type of chemotherapy used, and this may also have some impact on clinical outcome.
The results of this study should be considered with respect to the Swiss health care system, which is characterised by mandatory health insurance, universal access to modern health care services for all citizens, and by decentralisation and high fragmentation. The Swiss health care system shares several characteristics with the U.S. health care system, even more so with the planned introduction of universal health care insurance in the U.S. In fact, similar studies with regards to patient ethnicity were recently performed in the U.S. by Griggs and colleagues [49] . In the latter study, the authors found non-standard adjuvant chemotherapy regimens in 112 out of 957 women (12%) treated for early BC between March 2002 and March 2005, with AfricanAmerican women being almost twice as likely to receive non-standard chemotherapy than non-African-American women [49] . In the present study, 105 women out of 1535 women (7%) received non-registered chemotherapy drugs for early BC, or chemotherapy that proved to be inferior when tested against standard regimens, a proportion that is somewhat lower than that found by Griggs and colleagues [49] . The strengths of the current study include the prospective planning of data analysis, registry-based case identification that enabled the authors to study patients in the community setting, and avoidance of systemic bias in patient accrual by central planning and structured patient inclusion. Our study is limited by its retrospective nature, missing data on the type of health care insurance, education and surgical caseload, and the fact that menopausal status had to be defined by using the age of 50 years as a cut off. In the present study, missing data cannot be considered at random, potentially resulting in some bias [50] . Our observations nevertheless are population-based and reflect clinical practice in a community setting. By including all types of providers, identification of patients through cancer registries, and achieving a large and very complete data set, potential selection bias was substantially reduced. Finally, clinical outcome data are not available at present, mainly because the follow-up time is too short for most patients.
In conclusion, tumour biology is a predominant factor for choosing FAC-T over older chemotherapy regimens in patients with ER-negative early BC, but improvements should be made to reduce the substantial regional heterogeneity. Further epidemiological studies should assess how the use of FAC-T chemotherapy is affecting clinical outcome in patients with early BC and different risk profiles.
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Figure 3
Forrest plot for the use of FAC-T chemotherapy compared to non-FAC-T chemotherapy in patients with ER-negative early breast cancer. Clinical significance (p <0.01) from adjusted multivariate analysis is marked by an asterisk. OR = odds ratio, BC = breast cancer, MDTC = multidisciplinary tumour conference.
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